I. INTRODUCTION
The hexagonal manganite multiferroics (RMnO 3 , R = Rare earth) are a family of isostructural compounds which order ferroelectrically at high temperatures and antiferromagnetically at low temperatures [1] . Magnetic order in this family is created by 2 layers of
Mn
3+ stacked on top of each other at Z=0 and Z=1/2 with in-plane 120
• angle between neighboring Mn 3+ S = 2 magnetic moments within each plane [2] . Much of the interest in this family of multiferroics is due to the strong magnetic-ferroelectric coupling observed in HoMnO 3 [3] [4] [5] [6] . As HoMnO 3 undergoes a spin reorientation transition between a P6 ′ 3 c ′ m magnetic phase and a P6 ′ 3 cm ′ phase with decreasing temperature [7] , there is a very large increase in the c-axis dielectric constant at the spin reorientation transition temperature T SR [3, 4] along with a change in the magnitude of the ferroelectric polarization [5] .
HoMnO 3 is the only pure member of this family of multiferroics where this strong magneticferroelectric coupling at a spin reorientation transition has been observed, and the physics behind this strong coupling is not well understood. In contrast, YMnO 3 orders antiferromagnetically in P6 ′ 3 cm ′ phase symmetry and does not undergo any spin reorientation at zero field [1, 7] .
The different magnetic phases in RMnO 3 are distinguished by how spins in neighboring planes are correlated, and the determining factor seems to be the position of the Mn
3+
ion within the unit cell respect to a critical value of 1/3 [8] . The mechanism responsible for the large magnetic-ferroelectric coupling observed in HoMnO 3 is still not well understood, though. One approach to try to better understand this coupling is to study how various parameters change the spin reorientation temperature where this coupling is seen.
Such work has included magnetic fields [1, 3, 4] , electric field [6] , pressure [9] , and chemical 
The fits include a small Gaussian spread in the transition temperature (shown by the error The data were fit to a structure factor S(Q, ω) convoluted with the spectrometer resolution, where the structure factor model was given by the following equation:
W is the in-plane width of the scattering, W ⊥ is the out-of-plane width, and Γ is the energy width. ∆H, ∆K, and ∆L are the difference in H, K, and L respectively from the center of the quasielastic scattering. The first fraction is the Boltzmann term, followed by Lorentzians in energy and in-plane momenta H and K. The last term is a Gaussian in out-of-plane momentum L. Figure 2 (c) shows fits using both the above static structure factor (solid line) and a similar form using a Lorentzian instead of a Gaussian for the out-of-plane dependence, and the Gaussian fits produced visibly better results. The out-of-plane correlation length in lattice units is given by 2/W ⊥ , and results are plotted in Figure 3 . The data were fit to the heuristic form
where λ ≈ 0.26 for the above fit. With increasing temperature the out-of-plane correlation length decreases, and above T N no apparent out-of-plane correlations persist. The total quasielastic scattering intensity also decreases with decreasing temperature below T N . This scattering occurs at 2θ angles similar to the (1,0,0) and (1,0,1) peaks, but they did not identify which of those two positions this scattering was associated with.
Similar quasielastic scattering was also observed in Ho
There is agreement among all the single-crystal measurements that well above T N , the diffuse/quasielastic scattering has no out-of-plane correlations and very short in-plane cor- We also hypothesize that the existence of quasielastic scattering in Yttrium-rich RMnO 3 but not pure HoMnO 3 is due to the larger in-plane easy-axis anisotropy in HoMnO 3 . This inplane anisotropy for Mn 3+ moments gives rise to a spin gap which was measured by Fabreges et al. for both Yttrium and Holmium, who found a significantly larger gap for HoMnO 3 than for YMnO 3 [8] . This anisotropy acts as an energy barrier to in-plane rotation, and so a large anisotropy may prevent the quasielastic fluctuations at the domain boundaries. Further evidence for this interpretation comes from the polarized scattering measurements of Roessli et al., who found that the quasielastic scattering is due to spins fluctuating within the plane [19] . Out-of-plane fluctuations gave rise to inelastic scattering due to the easyplane anisotropy, which is much larger than the in-plane anisotropy for all RMnO 3 . The observation of quasielastic scattering in LuMnO 3 is consistent with this interpretation, since the spin-wave dispersion measured by Lewtas et al. had a vanishingly small gap indicating very little in-plane anisotropy [21] .
One possible objection to our interpretation is that the observed quasielastic scattering may simply be the spin-wave dispersion approaching zero energy. The spin-wave measurements by Fabreges et al. [8] do indicate that the dispersion is close to gapless for YMnO 3 at the (1,0,1) position, and in HoMnO 3 it has a minimum at either the (1,0,1) or the (1,0,0), depending on the temperature, in the same place as the observed quasielastic scattering by something besides purely magnetic interactions. We know that the magnetism and the ferroelectricity are coupled at this transition, and a better understanding of the dynamics involved may help illuminate the nature of this magnetic-ferroelectric interaction.
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